Triiodothyronine (T3) and 1,25-dihydroxyvitamin D3 (1,25D3) inversely regulate OPG gene expression in dependence of the osteoblastic phenotype.
Both thyroid hormones and 1,25-dihydroxyvitamin D3 (1,25D3) are essential for normal development and maintenance of the skeleton. They regulate osteoblastic differentiation by influencing expression of osteoblast specific genes like osteocalcin (OCN). Mice deficient in OCN, the most abundant noncollagenous protein of the bone matrix, develop a phenotype characterized by higher bone mass and bone of improved quality. Osteoprotegerin (OPG), another protein important for bone metabolism, protects bone and is a regulator of the osteoclast development. 1,25D3 down regulates the basal expression of these two proteins in osteoblasts and osteoblast-like cells. The involvement of these hormones and proteins in the bone metabolism guided us to compare their regulation in cell lines with different osteoblastic phenotypes. We found that T3 increased OCN mRNA levels in MC3T3-E1 osteoblastic cells independent from their phenotype albeit with different potency but not in the bone marrow-derived stromal cell line ST2. OPG mRNA expression levels were only stimulated by T3 in mature MC3T3-E1 cells, which have the capacity to mineralize, but not in pre-osteoblastic MC3T3-E1 cells or in ST2 cells. In the mineralizing osteoblastic cells 1,25D3 inhibited T3-induced expression for OPG mRNA but not OCN mRNA. In the pre-osteoblastic cell line with undetectable OPG mRNA levels, either basal or T3-stimulated, 1,25D3 inhibited OCN mRNA expression completely. Our results emphasize the importance of balanced regulation of mRNA transcript levels for OPG and OCN, by both hormones and probably other systemic factors to enable a fine-tuning of bone metabolism at specific skeletal sites.